A search for faint companions (FCs) to selected stars within 5 pc of the Sun using the Hubble Space Telescope's Planetary Camera (PC) has been initiated. To assess the PC's ability to detect FCs, we have constructed both model and laboratory-simulated images and compared them to actual PC images. We find that the PC's point-spread function (PSF) is 3-4 times brighter over the angular range 2"-5" than the PSF expected for a perfect optical system. Azimuthal variations of the PC's PSF are 10-20 times larger than expected for a perfect PSF. These variations suggest that light is scattered nonuniformly from the surface of the detector. Because the anomalies in the PC's PSF cannot be precisely simulated, subtracting a reference PSF from the PC image is problematic.
I. INTRODUCTION
Obtaining direct images of faint companions (FCs) to bright stars is a difficult enterprise with any telescope, even the repaired Hubble Space Telescope (HST). Since the present complement of cameras aboard HST lacks a coronagraphic mode, the background above which a FC must be detected is determined by the primary star's point-spread function (PSF) and by light scattered from the telescope and camera optics. Whether the FC is a very-low-mass star, a brown dwarf, or a giant planet, its detectability in the presence of this background depends on its brightness relative to the primary star, its angular distance from the primary star, and the structure of the primary star's PSF.
A search for extrasolar planets using HST's Planetary Camera (PC) was first proposed by Fastie et al. (1985) . Assuming a perfect instrumental PSF and a planet-to-star flux ratio of l0-8, they determined that a 3o" detection of a planet was possible if the planet were located in the interference minima of a narrow-band star image. Using prelaunch metrology data to derive HST's PSF, Brown and Burrows (1990) concluded that the flux ratio between a planet and the local stellar background would be unfavorable for planet detection even under the most optimistic viewing circumstances. The subsequent discovery of spherical aberration in HST's primary mirror precluded any empirical assessment of HST's ability to detect FCs. Now that the intrinsic imaging capability of HST has been restored, such an assessment can be performed. A search for FCs to selected stars within 5 pc of the Sun has been initiated by HST Guaranteed Time Observers W. G.
Fastie and D. J. Schroeder using the PC mode of the Wide Field and Planetary Camera 2 (WFPC2). Originally intended to commence after the launch of HST in 1990, this program was postponed until the repair of the telescope was completed in early 1994. The target stars have visual magnitudes ranging from -1 to + 13, and so permit an analysis of FC detectability over a wide range of background levels.
This paper comprises three main parts. First, we characterize the PSF of the PC by comparing actual PC images to laboratory-generated images and to model images computed for an aberration-free HST+PC pupil. Second, we describe an algorithm for finding FCs superposed on the wings of the PSF. We apply this search algorithm to noisy model images of binary systems and establish a minimum signal limit for detecting FCs. Finally, we use this signal limit to assess the feasibility of detecting extrasolar planets and other substellar objects with the PC.
PSF CHARACTERISTICS
The number of photons required for the detection of a FC at a given distance from its primary star is governed by the brightness of the local background, the saturation level of the detector, and the desired level of signal to noise (S/N). For many of our target stars, we selected individual CCD exposure times that produced a total detected signal of_ 10 9 e At this signal level, the saturated core of the PSF extends outward to a radius of -_ 1". Figure 1 shows a median PC image of a star exposed to a level of 1.2x 10 '_ e through the F555W (WFPC2 V) filter.
The image is a 27"x27" section of the full CCD frame centered on the star. The PSF is clearly not smooth. The diffraction spikes caused by the secondary-mirror st, pports and the charge overflow from the saturated CCD pixels (charge "bleed") are prominent. Also apparent are several radial "streamers" emanating from the center of the PSF. The structure of the PSF is more easily seen in Fig. 2 , which shows a surface plot of a 9"×9" region at the left center of To understand the complicated nature of the PC's PSF, an analysis of both theoretical and optically sinmlated PSFs is required. Consequently, we now discuss the formation and analysis of model and laboratory-generated PSFs. Afterward, we will return to the detailed examination of the PC images.
Model PSFs
The PSF for the aberration-free HST+PC pupil can be computed using the procedure and notation of Schroeder 
where R is the radius of the HST primary mirror; P is the radius of a primary-mirror support pad; b is the width of the seSondary-mirror support ("spider leg"); d is the length of the spider leg; e is the secondary-mirror obscuralion ratio; (-912.7,-547.7) mm. The coordinates of the optical components are measured relative to the V2 and V3 spacecraft axes. The pupil shown differs from the HST+PC pupil only in the thickness of the +V3 spider leg. The actual width of the +V3 leg is 25.7 mm. The effect of this difference on the resulting PSF is negligible compared to the larger differences noted between the model and actual PSFs. . .%.
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FIe. 9--Average radial profile of PC's PSF through the F675W (WFPC2 R; (k)=669.6 nm, Ak=86.6 nm) filter. All symbols are defined in Fig. 8 . The dashed line through the PC data has slope -3 for a<4" and slope -2 for or>4".
profiles computed for each of several WFPC2 filters. We thus obtained an average radial profile sampled at successive 1" intervals for each bandpass. Figures 8-11 show the radial profiles for the F555W, F675W, F814W, and F850LP filters, respectively. Each figure displays the data obtained from actual PC images, SIM images, and images computed using the HST PSF modeling program Tiny Tim (Krist 1994) . All images were normalized to a total signal of 109 e-. Also plotted in each figure is a line of slope -3, which represents the radial power-law index of the perfect PSF given by Eq. (3) with E= 109 e-. Figures 8-11 show that the actual PC profiles are 3-4 times brighter than the perfect profiles in the range 2"<a<4" (2"<ot<5" for the redder bandpasses), but retain the -3 slope characteristic of a perfect PSF. Beyond this range, the slope of the PC profiles changes to approximately -2. On the other hand, the SIM profiles are 1.5-2 times brighter than the perfect profiles within 3" and over 4 times brighter beyond 5". The SIM profiles match well the PC profiles in the range 5"<a<7", but are up to 2 times fainter within 3" and beyond 8". We estimate that the PC and S!M data are photometrically accurate to -10%. The differences between the PC and SIM image profiles are probably due to one or both of the following: (1) HSTs mirrors have zonal figure errors incurred during polishing, whereas SIM's small mirrors are unlikely to have such errors; and (2) the PC has a MgF 2 field-flattening lens close to the CCD, whereas SIM has no such lens. Krist and Burrows (1995) have produced accurate zonal-error maps of HSTs mirrors from their phase-retrieval analysis of WFPC2 images. These maps have been incorporated into Tiny Tim (Krist 1994) . Figures 8-11 show that the Tiny Tim image profiles are brighter than the SIM profiles in the range (k) = 792.1 nm, Ak = 148.9 nm) filter. All symbols are defined in Fig. 8 . The dashed line through the PC data has slope -3 for a<5" and slope -2 for or>5".
l"<a<3", but are fainter than the actual PC images within this range.
Thus it is likely that the zonal errors in the lIST optics are at least partly responsible for the discrepancies between the PC and SIM profiles. It is unclear from our analysis whether the field-flattening lens has any significant effect on the PSF.
In summary, we find that (1) Fig. 8 . The dashed line through the PC data has slope -3 for a<5" and slope -2 for or>5". 
The Search Algorithm
The basic steps of the search algorithm are the following:
( : ,!i_t (b) FJ(;. 12--Surface plots of a model F555W image containing a simulated companion located at a-4". The plots show the I"x 1"region of the primary star's PSF centered on the companion. The PSF has been scaled to give a total signal of 10 Ic_e . The companion's signal is divided uniformly over a 2x2 pixel area so that each pixcl is 10 tr above the background. A Gaussian noise distribution has been added to mimic actual background fluctuations.
[a) The region before removal of the PSF brightness gradient. (b) The region after removal of the gradient. The cornpanion is clearly more noticeable in the background-flattened image.
image are then examined directly to determine the cause of the brightness anomaly. 
Algorithm Modifications

Applying the Algorithm
We have applied the modified search algorithm to the median F555W image shown in Fig. 1. The binary map resulting from a search with NI=50, N2=_, and m=4 is shown in Fig. 13 . Clearly evident in the map are the pupil diffraction spikes and the vertical charge bleed. The white
(a) __
FiG. 14---Surface plots of 1"× 1" regions surrounding two brightness anomalies seen in Fig. 1 . The anomalies were selected from the binary search map shown in Fig. 13 . In each case, the local brightness gradient has been re- To test its effectiveness for detecting FCs, we have applied our search algorithm to noisy model images with a wide range of primary-to-companion brightness ratios and separations.
We have found that the search algorithm will successfully find the simulated companions at all locations provided that the average pixel signal from the companion is at least 10o-.
IMAGE SENSITIVITY AND STRATEGY
Detection Limits for Faint Companions
Because WFPC2 is not equipped with a coronagraphic mode, even short exposures of bright stars will saturate the detector. Thus, the strategy for imaging FCs must reflect a compromise between the desired point-source detection limit and lost circumstellar field of view. To assess the observational limits imposed by such a compromise, we adopt as a benchmark the Sun-Jupiter system projected to the distance 
where %,t is the radius of saturation, E is the total signal in a single exposure, andf is a scale factor that accounts for the brightness discrepancy between the PC and model PSFs (see Distance from star (arcsec)
FIG. 16--10o-detection limits for FCs imaged through F814W (WFPC2/) at various primary-star exposure levels. Here, cr is the square root (i.e., photon noise) of the PC's PSF shown in Fig. 10 . The left scale measures the 10o" pixel signal as a fraction of the total signal, E, from the primary star. The right scale translates this signal into a differential magnitude,  assuming that the FC is imaged uniformly over four pixels, each of brightness 10 (r. The dashed line marks the radius of saturation shown in Fig. 15 The dashed line in Fig. 16 marks the radius of saturation shown in Fig. 15 
Observing Strategy
The 18 target stars of our search program are listed in Observations of our target stars are presently underway.
The results of these observations are beyond the scope of this paper and will be published elsewhere. The first HST images of the very-low-mass companion to the astrometric binary GI 105A have already been reported (Golimowski et al. 1995) . A long-term program to monitor the orbital motion of the companion with HST is planned.
CONCLUSIONS
A search for faint companions (FCs) to selected stars within 5 pc of the Sun using the Hubble Space Telescope's Planetary Camera (PC) has been initiated. To assess the PC's ability to detect FCs, we have constructed both model and laboratory-simulated PSFs and compared them to actual PC images. We find that the PC's PSF in the angular range 2"<a<_5" is 3-4 times brighter than expected with a perfect detector and optics, but the surface brightness retains the a -3 dependence characteristic of a perfect PSF. For a_>5 ", the radial dependence changes to a -2. We conclude that zonal figure errors in HST's mirrors are at least partly responsible for the enhanced brighmess within 5". The azimuthal variations of the PC's PSF are 10-20 times larger than expected for a perfect PSF, but are consistent with those of the laboratory-simulated images obtained with a flight-spare CCD. These variations suggest that light is scattered radially but nonuniformly from the surface of the CCD.
The anomalies seen in the PC's PSF are field dependent and unreproducible by modeling or laboratory simulation. Therefore, subtracting a reference PSF from the image is problematic. Consequently, we have developed a computer algorithm that identifies local brightness anomalies within the PSF as potential FCs. We have applied this search algorithm to noisy model images of binary systems with varying separations and brightness ratios. We find that the search algorithm successfully finds the simulated companions at all locations provided that the average pixel signal from the companion is at least 10tr above the local background.
